Peroxisome proliferator-activated receptor-␣ (PPAR␣) is responsible for the hypolipidemic, peroxisome proliferation and carcinogenic effects of fibrates. Rats and mice are responsive, but guinea pigs and primates are resistant to the proliferative and carcinogenic effects of these drugs, but the hypolipidemic effect is still manifest. It is not yet clear whether humans should be considered unresponsive, and there is concern about the long-term safety of fibrates. We present molecular evidence for the reported resistance of human cells to peroxisome proliferation by describing a deficient interaction of nuclear extracts from human cells with an acyl-CoA oxidase (ACO)-peroxisome proliferator response element probe upon fibrate addition. Electrophoretic mobility shift assay analysis showed that ciprofibrate elicited a concentration-dependent increase in the binding of nuclear extracts from cells of rat (Morris) and human (HepG2) origin to an ACO-peroxisome proliferator response element probe, although in HepG2 cells the increase was of marginal statistical significance. In Morris cells, the increase was more marked than in HepG2 cells (4-fold versus 1.5-fold at 0.2 mM ciprofibrate), and maximal binding was achieved earlier in Morris (30 min) than in HepG2 cells (3 h). Morris cells responded to the addition of ciprofibrate by increasing the levels of ACO mRNA, whereas HepG2 did not. The ratio between PPAR␤/PPAR␣ mRNAs was higher in HepG2 cells than in Morris cells (3.2 versus 1.9), pointing to an antagonizing effect of PPAR␤ on PPAR␣ activity. These results were obtained in untransfected cells expressing their own basal set of receptors. We also provide evidence of the translocation of PPAR␣ from the cytosol to the nucleus upon activation by ciprofibrate.
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Peroxisome proliferator-activated receptors (PPARs) comprise a type of nuclear receptor deeply involved in the maintenance of lipid and glucose homeostasis (Smith, 1996) . They recognize specific sequences termed peroxisome proliferator response elements (PPREs) in the promoter regions of target genes. The PPRE is a direct repeat of a consensus core sequence of TGACCT separated by one nucleotide. Furthermore, PPARs require the participation, as a heterodimerization partner, of another nuclear transcription factor, 9-cis retinoic acid receptor (RXR; Lemberger et al., 1996) . One of the three receptor subtypes, PPAR␣, is directly responsible for the hypolipidemic (Peters et al., 1997a) , peroxisome proliferation (Lee et al., 1995) and liver carcinogenic effects (Peters et al., 1997b ) of a chemically diverse group of compounds known as peroxisome proliferators. The carcinogenic effect in rats seems to be produced as a long-term consequence of the peroxisome proliferation elicited by these compounds, which include drugs widely used in human therapy such as hypolipidemic fibrates (Bentley et al., 1993) .
Rats and mice are extremely responsive to the effects elicited by PPAR␣ activation upon fibrate administration. Other rodent (guinea pig) and nonrodent species (such as humans and other primates) are resistant or nonresponsive to the proliferative and carcinogenic effects of these drugs, but the hypolipidemic effect is still manifest (Bentley et al., 1993 , Cattley et al., 1998 . There is no conclusive evidence that humans are not responsive to peroxisome proliferation. Although the indirect experimental data reported until now suggests that humans should be included among the nonresponsive species, the issue remains controversial and concern has been expressed about the long-term safety of drugs such as fibrates (Cattley et al., 1998) .
Peroxisome proliferators produce different responses
This study was partly funded by grants from the Fundació Privada Catalana de Nutrició i Lípids, Comision Interministerial de Ciencia y Tecnologia (SAF97-0215 to J.C.L. and SAF96-74 to C.J.C.), and from the "Generalitat de Catalunya," SGR96-84 and SGR98-33. C.R. was a recipient of a fellowship from the Generalitat de Catalunya, and A.C. was a recipient of a fellowship from the Ministerio de Educacion y Cultura. among species despite that cells from nonresponsive species express functionally active PPAR␣ and RXR that heterodimerize and interact with the PPREs present in target genes (Mukherjee et al., 1994; Varanasi et al., 1996; Tugwood et al., 1998) . However, most of the data on the functionality of PPARs was obtained from cells transfected with various PPRE constructs and different expression vectors for PPAR␣ and RXR. Such an experimental approach produces deep modifications in the basal expression and activities of constitutive receptors compared with untransfected cells, making the extrapolation of these results to physiological conditions controversial. To circumvent this shortcoming, we have characterized the interaction of nuclear extracts, obtained from rat liver or untransfected cells from rat and human origin treated with fibrates, with a specific PPRE probe. We demonstrate differences in the strength of binding and temporal pattern of interaction of nuclear extracts from rat and human cells with the PPRE probe. These differences could contribute to the different response of these species to peroxisome proliferator administration. Furthermore, although it has been reported in cotransfection experiments that the transcription factor Sp1 manifests transactivation synergism with the PPAR/RXR heterodimer (Krey et al., 1995) , we show that Sp1 is not involved in the establishment of these differences. Finally, for the first time in untransfected cells, we present experimental evidence of the migration of PPAR␣ from the cytosol to the cell nucleus upon administration of a specific PPAR␣ agonist.
Materials and Methods
Drugs and Cell Culture. Drugs were purchased from Acofarma (bezafibrate, Barcelona, Spain), or kindly provided by ICI-Farma (clofibrate; Pontevedra, Spain) and Sanofi Winthrop Research Division (ciprofibrate, Malvern, PA). HepG2 human hepatoma cells (European Collection of Cell Cultures, Salisbury, UK) and rat Morris 7800 C1 hepatoma cells (obtained from Dr. H. Sorensen, University of Oslo, Norway) were grown in Ham's F-12 medium supplemented with 7% fetal calf serum (Gibco-BRL; Paisley, Scotland), 100 U/ml penicillin, and 100 mg/l streptomycin (Sigma, St. Louis, MO). Cells were seeded at a density of 7 ϫ 10 5 (HepG2) or 9 ϫ 10 5 (Morris) cells/100-mm-diameter plate. Incubation with clofibrate, ciprofibrate, or bezafibrate began at least 32 h after plating. Stock solutions of these compounds were made in dimethyl sulfoxide (DMSO; Sigma). The concentration of DMSO in the culture medium varied between 0.5 and 1%, depending on the concentration of fibrate used; corresponding control plates were supplemented with the same concentration of DMSO. Cell viability was assessed by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay (Mossman, 1983) . Cell assays involving drug addition were performed at drug concentrations and incubation times that provided a cell viability of at least 90%.
Animals and Treatments. Eighteen male Sprague-Dawley rats from Letica Scientific Instruments (Barcelona, Spain), weighing ϳ130 g each, were maintained on a 12-h light/dark cycle under conditions of constant humidity and temperature (22 Ϯ 2°C) and were fed with a standard Panlab diet for 5 days before the beginning of the experiments. The animals were processed in three groups of six, with two control and four bezafibrate-treated rats in each group. The animals received a single oral dose (69 mg/100 g b.wt.) of bezafibrate suspended in carboxymethyl cellulose-Tween (0.5-0.1%; Sigma). The oral dose of bezafibrate was calculated according to the daily drug intake described previously in feeding experiments (Alegret et al., 1994) . After 7, 15, 30, 60 , and 180 min of bezafibrate administration two animals of each group were sacrificed by cervical dislocation (between 8:00 and 9:00 AM) and liver samples were taken and processed immediately to obtain nuclear extracts. Animals treated for 15 days were fed on a diet containing 0.45% bezafibrate; liver nuclear extracts were obtained as described. All procedures were conducted in accordance with the principles and guidelines established by the University of Barcelona Bioethics Committee as stated in Law 5/1995, 21 July, from the Generalitat de Catalunya. RNA Isolation. Total RNA was isolated with the Ultraspec reagent (Biotecx Laboratories, Houston, TX). RNA was measured by its absorbance at 260 nm. The integrity of RNAs was assessed by electrophoresis in 1% agarose gels, containing 2% formaldehyde, followed by ethidium bromide staining.
Reverse Transcription-Polymerase Chain Reaction (RT-PCR). mRNA levels were determined by RT coupled to PCR. The RT reaction (final volume 20 l) was performed for 1 h at 37°C with 1 [rat acyl-CoA oxidase (ACO), rat and human PPAR␣, PPAR␤, and RXR␣], 1.5 (human ACO), or 0.5 g (rat liver ACO) as the starting total RNA. The reaction mixture also contained 125 ng of random hexamers ( Amplification was carried out by 34 (human ACO), 30 (rat PPAR␣, PPAR␤, and RXR␣), 27 (human PPAR␣, PPAR␤, and RXR␣), 20 [human glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and rat liver ACO], or 21 (rat ACO) cycles of PCR. Each cycle consisted of sequential denaturation at 90°C for 1 min, annealing at 60°C (or 58°C for rat ACO) for 1 min 15 s, and elongation at 72°C for 1 min 50 s, followed by a final elongation step at 72°C for 5 min. The primers used were the following: for human aco, 5Ј-GCCCAGGTGAAGCCTGAT-GGA-3Ј and 5-GACTGGTGCCTCACAGCGCTG-3Ј; for human ppar␣, 5Ј-GGAAAGCCCACTCTGCCCCCT-3Ј and 5Ј-AGTCACCGAGGAGG-GGCTCGA-3Ј; for human ppar␤, 5Ј-GAGCAGCCACAGGAGGAA-GCC-3Ј and 5Ј-CCGTCACAGCCCATCTGCAGT-3Ј; for human rxr␣, 5Ј-CCAAACATTTCCTGCCGCTCG-3Ј and 5Ј-CCGTCACAGCCCAT-CTGCAGT-3Ј; for human gapdh, 5Ј-CAGTCCATGCCATCACT-GCCA-3Ј and 5Ј-AGGTGGAGGAGTGGGTGTCGC-3Ј; for rat aco, 5-ACTATATTTGGCCAATTTTGTG-3Ј and 5Ј-TGTGGCAGTGGTTTC-CAAGCC-3Ј; for rat ppar␣, 5Ј-GGCTCGGAGGGCTCTGTCATC-3Ј and 5Ј-ACATGCACTGGCAGCAGTGGA-3Ј; for rat ppar␤, 5Ј-GAGGAAGT-GGCCACGGGTGAC-3Ј and 5Ј-CCACCTGAGGCCCCATCACAG-3Ј; for rat rxr␣, 5Ј-GCTCTCCAACGGGTCGAGGCT-3Ј and 5Ј-TGGGTGT-GGTGGGTACCGACA-3Ј; and for rat aprt, 5Ј-AGCTTCCCGGACTTC-CCCATC-3Ј and 5Ј-GACCACTTTCTGCCCCGGTTC-3Ј. To avoid unspecific annealing, cDNA and Taq DNA polymerase were separated from primers and dNTPs by using a layer of paraffin (Fluka); in this way, reaction components contact only when paraffin fuses (59°C). Rat adenosyl phosphoribosyl transferase (APRT) and human GAPDH were used as controls to normalize the results. For each set of samples both genes, problem and control, were amplified together, except for human ACO. In the latter case, however, the same RT reaction product was used for the amplification of human ACO and GAPDH genes. Five microliters of each PCR reaction mixture was subjected to electrophoresis in 5% polyacrylamide gel in 1ϫ TBE (Sigma). Gels were dried, autoradiographed, and quantified by image analysis (Vilbert-Lourmat version 4.6). 
Differences in PPAR␣-RXR/acoPPRE Complexes between Species
Nuclear and Cytosolic Extracts. Nuclear and cytosolic cell extracts were obtained from monolayer cell cultures by the method of Dignam et al. (1983) . Morris and HepG2 cells were harvested and washed at 800g in hypotonic buffer (HB: 15 mM Tris-HCl, pH 7.4; 15 mM NaCl; 60 mM KCl; 0.5 mM EDTA; and 1 mM phenylmethylsulfonyl fluoride; Sigma). Cytosolic extracts and nuclei were prepared by washing pelleted cells at 1000g in 200 l of HB containing Triton X-100 (0.025% for Morris 7800 C1 and 0.05% for HepG2 cells). Supernatant constituted the cytosolic extract. Pelleted nuclei were washed twice in HB at 1000g. Nuclear proteins were extracted by adjusting KCl concentration to 360 mM. After 30 min under shaking, chromatin was pelleted by centrifugation for 30 min at 100,000g and nuclear extracts (supernatant) were frozen in liquid nitrogen. Cytosolic and nuclear extracts were stored at Ϫ80°C. All steps were performed at 4°C. Protein concentration was determined according to Bradford (1976) . The integrity of nuclei preparation was assessed by standard flow cytometry with propidium iodide. Flow cytometrical histograms of DNA fluorescence displayed sharp peaks (coefficient of variance Ͻ3.5%) with absence of shoulders, indicating very low aggregation and/or disintegration. The percentage of nuclear debris was 0.8.
When isolating nuclei from tissue, 2 g of rat liver was homogenized in 20 ml of homogenization buffer (10 mM HEPES, pH 7.6; 2 M sucrose; 15 mM KCl; 1 mM EDTA; 10% glycerol; 0.15 mM spermine; 0.5 mM spermidine; 0.5 mM dithiothreitol; and 0.5 mM phenylmethylsulfonyl fluoride; Sigma). Ten milliliters of this homogenate was loaded on top of 4-ml pads of homogenization buffer in SW 30 tubes. Samples were centrifuged at 40,000g for 60 min and pelleted nuclei were washed in 5 ml of HB at 1,000g. Preparation of nuclear extracts continued by extraction in 360 mM KCl and centrifugation (30 min, 100,000g) as described above.
Electrophoretic Mobility Shift Assay (EMSA) and Supershift Analysis. Gel mobility shift assays were carried out with nuclear and cytosolic extracts from rat liver and hepatoma cells. Extracts (2 g) were incubated for 15 min on ice in 25 mM Tris-HCl, pH 8, containing 60 mM KCl, 1 mM MgCl 2 , 5% glycerol, and 2 g of poly(dI-dC) in a final volume of 20 l. Approximately 20,000 cpm (0.5-1 ng) of 32 P end-labeled probe, either PPRE, Oct1 (Pharmacia), or Sp1f, was then added and the incubation was on ice for a further 30 min. Supershift assays were performed by adding, during the last 15 min of incubation, preimmune sera, polyclonal antibody against PPAR␣ (kindly provided by Dr. J. K. Reddy, Northwestern University Medical School, Chicago, IL), or RXR␣ (Santa Cruz Biotechnology, Santa Cruz, CA) at various concentrations. The PPRE-ACO probe was obtained from the annealing of single-stranded comple- mentary oligonucleotides (Boehringer Mannheim) spanning nucleotides Ϫ629 to Ϫ606 of the rat ACO gene (Tugwood et al., 1992) . The following sequences were used: upper strand, 5Ј-CGAACGTGAC-CTTTGTCCTGGTCC-3Ј; and lower strand, 5Ј-GGACCAGGA-CAAAGGTCACGTTCG-3Ј. The Sp1f probe (Noé et al., 1997) contains the most proximal GC box in the hamster dihydrofolate reductase promoter. These double-stranded oligonucleotides were end-labeled with T4 polynucleotide kinase and ␥-[ 32 P]ATP. Protein-DNA complexes were resolved by electrophoresis at 4°C on a 5% polyacrylamide gel in 0.5ϫ TBE.
Western Blot Analysis. Nuclear and cytosolic extracts (20 g) from Morris 7800 C1 and HepG2 cells were subjected to SDS-polyacrylamide gel electrophoresis according to the procedure of Laemmli (1970) . Proteins were transferred to Immobilon polyvinylidene difluoride transfer membranes (Millipore, Bedford, MA) by using the HEP-1 electrotransfer system (Applied Genetechnology Systems GmbH). Immunodetection was performed by the BM chemiluminescence kit (Boehringer Mannheim). Primary antibodies against PPAR␣ (kindly provided by Dr. J. K. Reddy), RXR␣, and Sp1 (Santa Cruz Biotechnology) were used at dilutions of 1:1000 (anti-PPAR␣ and RXR␣) and 1:150 (Sp1). Equal loading of protein in each lane was verified by Coomassie blue staining.
Data Analysis. Results are expressed as mean Ϯ S.E., and their statistical significance was evaluated, when appropriate, with Student's t test.
Results
To gain further insight into the molecular mechanisms responsible for the reported different response of rat Morris and human HepG2 hepatoma cells to peroxisome proliferators (Sohlenius et al., 1995; Stang et al., 1995) , we determined their relative levels of PPAR␣, PPAR␤, and RXR␣ mRNA, and characterized the binding of nuclear proteins to a specific ACO-PPRE probe. Furthermore, we incubated these cells with ciprofibrate, a potent peroxisome proliferator, and subsequently determined the effect on 1) ACO mRNA levels; 2) binding of nuclear and cytosolic proteins to a specific ACO-PPRE probe, and 3) nuclear content of PPAR␣ and RXR. Additionally, we determined the in vivo response of ACO mRNA levels and the binding of nuclear proteins to a specific ACO-PPRE probe in livers obtained from bezafibrate-treated rats.
Differential Effect of Ciprofibrate Addition to Morris and HepG2 Cells on ACO mRNA Levels. The induction of the fatty ACO gene is widely accepted as a marker of peroxisome proliferation (Bentley et al., 1993) . The addition of 0.4 mM ciprofibrate to the incubation medium of Morris cells resulted in a significant induction of ACO mRNA levels with respect to the levels attained in HepG2 cells cultured in the same conditions (Fig. 1) . This effect of ciprofibrate on Morris cells was maximal after 3 h of incubation with ciprofibrate, whereas with HepG2 cells, no increase in the levels of ACO mRNA was observed over a 24-h incubation with this drug (data not shown).
Levels of PPAR␣, PPAR␤, and RXR␣ mRNA in Untreated Morris and HepG2 Cells. There is a very good correlation between PPAR␣ mRNA and protein levels (Lemberger et al., 1996b) . Palmer et al. (1998) suggested that the low levels of PPAR␣ mRNA, and thus protein, present in human samples and HepG2 cells are insufficient to compete effectively with other proteins that bind to PPREs. In our experimental conditions, although the ratio between PPAR␣/ RXR␣ mRNAs was higher in HepG2 cells than in Morris cells, the ratio between PPAR␤/RXR␣ and PPAR␤/PPAR␣ mRNAs also was higher in HepG2 cells than in Morris cells (Table 1) , pointing to a higher relative expression of the PPAR␤ isoform in human cells than in cells of rodent origin.
Effect of Ciprofibrate on Binding of Nuclear and Cytosolic Proteins from Morris and HepG2
Cells to an ACO-PPRE Probe. Nuclear and cytosolic extracts, prepared from Morris and HepG2 cells incubated with 0.2 mM ciprofibrate, were subjected to gel-shift analysis with an ACO-PPRE probe. Ciprofibrate triggered a transient increase in the intensity of the shifted bands for the two cell lines studied when using nuclear extracts (Fig. 2) . However, in Morris cells the increase in the binding was more marked than in HepG2 cells and furthermore, maximal binding was achieved earlier in Morris (30 min) than in HepG2 cells (3 h). Conversely, with cytosolic extracts the intensity of the shifted bands was decreased in the presence of ciprofibrate in both cell lines. The concentration-dependent effect of ciprofibrate on the binding of nuclear extracts to the ACO-PPRE probe was assayed at incubation times giving maximal response in each Although the maximum increase in the binding of nuclear extracts obtained from HepG2 cells was 1.5-fold at 0.2 mM ciprofibrate and attained a marginal statistical significance, an almost 4-fold increase at 0.2 mM ciprofibrate was obtained with nuclear extracts from Morris cells (Fig. 3D) . The change in the binding of nuclear extracts elicited by ciprofibrate was specific for the ACO-PPRE probe because the binding of the same nuclear extracts from ciprofibrate-treated Morris cells to an unrelated DNA probe, Oct1 (Noé et al., 1997) , was not modified (Fig. 3C) . As shown by supershift assays performed with specific antibodies (Fig. 4) , PPAR␣ and RXR␣ proteins participate in the formation of the pattern of shifted bands obtained after incubation of nuclear extracts from Morris and HepG2 cells with an ACO-PPRE probe.
Ciprofibrate Effects on Content of Nuclear PPAR␣ and RXR␣ in Morris Cells. The reciprocal changes observed in the intensity of the shifted bands of nuclear and cytosolic extracts in the presence of an ACO-PPRE probe after ciprofibrate addition (Fig. 2) suggested the possibility of changes in the cellular distribution of PPAR␣ and RXR␣ proteins elicited by the drug. Indeed, in Morris cells, a clear increase in the nuclear content of PPAR␣ protein was detected after a 30-min incubation with 0.2 mM ciprofibrate, whereas its presence in cytosolic extracts was reduced (Fig. 5) . For the RXR␣ protein, incubation of Morris cells with 0.2 mM ciprofibrate resulted in a 30% reduction in its nuclear content, but the change did not reach statistical significance (Fig. 6 ). In the same conditions, the amount of RXR␣ protein in nuclear extracts from HepG2 cells was significantly increased by 70%.
Ciprofibrate Effects Are Shared by Other Fibric Acid Derivatives. Clofibrate, another fibric acid derivative, modified in a concentration-and time-dependent manner the binding of nuclear extracts obtained from Morris cells with an ACO-PPRE probe (Fig. 7, A and B) . Furthermore, this effect was accompanied by a 2-fold increase in the ACO mRNA levels after a 9-h incubation with 1 mM clofibrate (data not shown). When similar experiments were performed with HepG2 cells incubated with clofibrate (data not shown) or bezafibrate, the changes in band intensity were smaller and they were maximal after a 3-h incubation (Fig. 7C) , reproducing the effects observed after ciprofibrate addition. In these conditions, no change in HepG2 ACO mRNA levels was observed.
In Vivo Effect of Bezafibrate on Binding of Liver Nuclear Extracts to an ACO-PPRE Probe. Nuclear extracts obtained from rat liver bound specifically to the ACO-PPRE probe, producing a pattern of retarded bands in gelshift assays (Fig. 8A) . The treatment of rats with bezafibrate produced an increase in the intensity of the shifted bands, which was maximal after 15 min. The gel-shift corresponding to the maximal increase in binding is shown in Fig. 8B . The increase in the binding produced by bezafibrate was specific for the ACO-PPRE probe because the binding of the same nuclear extracts to the Oct1 probe was not modified. The increase in binding to the ACO-PPRE probe, similar to the one observed in Morris cells after ciprofibrate addition, was followed by a 1.6-fold induction in rat liver ACO mRNA levels after 30 min of bezafibrate administration (Fig. 9) .
Sp1 Transcription Factor Is Not Involved in the Different Response to Ciprofibrate of Morris and HepG2
Cells. Because Krey et al. (1995) had described a synergistic effect of Sp1 with the PPAR/RXR heterodimer in the activation of the aco promoter, we explored whether Sp1 expression or binding could be involved in the different response of Morris and HepG2 cells to ciprofibrate. Ciprofibrate addition to both Morris and HepG2 cells did not modify either the amount of Sp1 present in nuclear extracts, or the intensity of the retarded bands obtained after incubation of nuclear extracts and a Sp1 DNA probe (Fig. 10) . Thus, Sp1 seems not to be involved in the establishment of the reported differences between rat and human cells. 
Discussion
In this study, we show that upon incubation with fibrates, nuclear extracts from rat Morris cells bind to an ACO-PPRE probe earlier and more intensely that nuclear extracts from human HepG2 cells. This effect depends both on the concentration of fibrate added and the time of incubation. Furthermore, we show that in the two cell lines, PPAR␣ and RXR␣ are the transcription factors responsible for the binding of nuclear extracts to the ACO-PPRE probe. Although in both cell lines PPAR␣ and RXR␣ heterodimerize and interact with their specific response elements, we show that in cells of human origin the increase in nuclear binding triggered by PPAR␣ agonists is weak and unable to produce a proliferative response, as reflected by the lack of induction of the levels of ACO mRNA in HepG2 cells. However, the rapid and intense increase in binding of nuclear extracts from rat hepatoma cells results in an induction of ACO mRNA. This response is very similar to that which we observed in rats after fibrate administration. Therefore, the lack of peroxisome proliferation in liver human cells after fibrate addition is related to the inability of PPAR-RXR complexes to increase their interaction with the PPRE present in the aco promoter.
Several transcription factors, such as Sp1 (Krey et al., 1995) , chicken ovoalbumin upstream promoter transcription factor (Miyata et al., 1993) , hepatocyte nuclear factor-4 (Winrow et al., 1994) , thyroid receptor (Chu et al., 1995) , LXR␣ (Miyata et al., 1996) , and TAK1/TR4 (Yan et al., 1998) , as well as coactivator and integrator proteins (DiRenzo et al., 1997) , can modulate the transcriptional activity of PPARs, at least in cells cotransfected with these factors. Thus, a differential interaction of one or several of these proteins in Morris or HepG2 cells upon addition of fibrates could be responsible for the observed differences. However, the absence of changes in the pattern of retardation bands in both types of cells after incubation with fibrates argues against this possibility. In fact, our results on Sp1 abundance in the cell nucleus and its invariable binding to a specific probe exclude this transcription factor as one of the elements involved in the different response of rat Morris and human HepG2 cells to peroxisome proliferators.
The characteristics of the response element, their specific sequence, spatial disposition, and extended 5Ј sequence are also determinants in the selectivity and transactivation efficiency of PPARs Ijpenberg et al., 1997; Nakshatri and Bhat-Nakshatri, 1998) . We used an identical ACO-PPRE probe for all the experiments performed either with nuclear extracts from rat or human origin, thus minimizing the possible influence of PPRE characteristics in the differences observed.
Human and rat PPAR␣ have a high degree of similarity in their DNA (98%) and ligand (94%)-binding domains, although they are not exactly identical (Mukherjee et al., 1994) . It has been reported that a single amino acid change in the ligand-binding domain of PPAR␣ profoundly alters its transcriptional activity . Thus, the inherent differences in the amino acid sequences of the PPAR␣ from both species is probably one of the key elements involved in the weak increase in the interaction of HepG2 nuclear extracts with the ACO-PPRE probe, and consequently in the absence of ACO mRNA induction after fibrate addition. The use in our experimental conditions of a fixed PPRE probe to analyze its interaction with nuclear extracts obtained from fibrate-treated cells expressing their own constitutive pool of receptors strongly supports this hypothesis. In agreement with these results, a cDNA for PPAR␣ has been isolated recently from human samples that does not encode a functional PPAR (Palmer et al., 1998) . Palmer et al. (1998) further suggested that low levels of PPAR␣ expression in human liver may be at the basis of human unresponsiveness to peroxisome proliferation. Our results indicate that although PPAR␣ levels may be important in determining the response to peroxisome proliferation, it might not be the only determinant factor, given that HepG2 cells remain unresponsive to peroxisome proliferation despite possessing a higher ratio between PPAR␣/RXR␣ than Morris cells. Although it can be argued that part of the PPAR␣ mRNA detected may correspond to a recently described truncated form of PPAR␣ with dominant negative activity (Gervois et al., 1999) , it is worth mentioning that, in addition, the ratios between PPAR␤/ RXR␣ and PPAR␤/PPAR␣ mRNAs were higher in HepG2 cells than in Morris cells. This finding is interesting because PPAR␤ has been reported to be a physiological antagonist of 
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at ASPET Journals on June 5, 2017 molpharm.aspetjournals.org PPAR␣ (Jow and Mukherjee, 1995) . A higher expression of the PPAR␤ isoform in human cells than in cells of rodent origin, at least for the expression of PPAR␣ and its common partner RXR␣, could imply an abolition of PPAR␣ activity in HepG2 cells by PPAR␤.
RXR␣ also has been shown to modulate the activity of PPARs; for example, PPAR␥, another member of this family of transcription factors (Smith, 1996; Lemberger et al., 1996a) , interacts with corepressors NCoR and SMRT in solution, but not when bound to the ACO-PPRE as a heterodimeric complex with RXR␣ (Yan et al., 1998) . The modification in the nuclear content of RXR after fibrate addition, increased in HepG2 and marginally decreased in Morris cells, points also to the involvement of RXR in the mechanism leading to the different response between rat and human cells to peroxisome proliferators.
As a rule, PPARs are classified as subtype II nuclear receptors, exhibiting among other characteristics, a nuclear localization irrespective of their activation state (Schoonjans et al., 1996) . Huang et al. (1995) challenged this assumption demonstrating that in CV1 cells transfected with a PPAR␣ construct, the unbound form of this transcription factor was present in the cytosol and migrated to the nucleus upon addition of a PPAR␣-agonist. However, the overexpressed levels of PPAR␣ in transfected cells could have altered the relative subcellular distribution of this transcription factor. Our results constitute the first experimental evidence for the translocation of PPAR␣ in untransfected cells, being present in the cytosol in the resting state, and migrating to the nucleus after activation with appropriate agonists. In this regard, it has been shown that PPARs are able to bind a 72-kDa heat shock protein (Alvares et al., 1990; Huang et al., 1994) . Heat shock proteins are known to act as intracellular chaperones (Watowich and Morimoto, 1988 ) that play a role in the functionality of glucocorticoid and progesterone receptors (Sá nchez et al., 1990; Rexin et al., 1991) .
In summary, we present evidence at the molecular level for the reported resistance of human cells to peroxisome proliferation, by describing a deficient interaction of nuclear extracts from human cells with an ACO-PPRE probe upon fibrate addition. Interestingly, these results were obtained in untransfected cells expressing their own basal set of receptors, thus without modification of their proportion of endogenous transcription factors. Also, in untransfected cells, we provide experimental evidence of the translocation of PPAR␣ from the cytosol to the nucleus upon activation by specific agonists.
